






















GHYHORSPHQW RI DGDSWLYH 9LUWXDO /HDUQLQJ (QYLURQPHQWV
9/(VWRDVVLVWHGXFDWRUVRIDOOGLVFLSOLQHVZLWKFRQILJXULQJDQG
FUHDWLQJDGDSWLYH9/(V WDLORUHG WR WKHLUQHHGV7KHSURSRVHG
ZRUN LV SHUIRUPHG LQ WKUHH VWDJHV ,Q WKH ILUVW VWDJH
GHYHORSPHQWRIDQDGDSWLYH9/(WKDWFROOHFWVOHDUQLQJDQDO\WLFV













FRQILJXUH WKHLU DGDSWLYH 9/( LPSOHPHQWDWLRQ WR WKHLU QHHGV
)RUWKHVHFRQGVWDJHRIGDWDDQDO\VLVWKHZHNDOLEUDU\ZDVXVHG
WRSURFHVV WKHGDWD DSSO\D UDQJHRI FODVVLILFDWLRQDOJRULWKPV
DQGSURGXFHVWRUHUHVXOWVWKDWFDQWKHQEHXVHGDVDQLQSXWWR
WKH DGDSWLYH 9/( '6/ 2YHUDOO WKH SURSRVHG IUDPHZRUN




ZLWK LGHDV LQ WKHLU GRPDLQ0RUH DXWRPDWLRQ DQG LQWHJUDWLRQ
EHWZHHQ WKH9/(DQG WKHGDWD VFLHQFHDOJRULWKPVXWLOLVHG IRU
OHDUQLQJDQDO\WLFVGDWDDUHSDUWRIRXUIXWXUHSODQVWRZDUGVWKH
JUHDWHUYLVLRQRIPRUHDXWRQRPLFDQGSHUVRQDOLVHG9/(V
.H\ZRUGV²H/HDUQLQJ DGDSWLYH 9/( '6/ FODVVLILFDWLRQ
DOJRULWKPVZHNDOLEUDU\
, ,1752'8&7,21
%LJ GDWD DQG DQDO\WLFV DUH JURZLQJ DUHDV RI LQWHUHVW LQ
UHVHDUFK IRU VHYHUDO DSSOLFDWLRQ GRPDLQV 7KH LGHD RI KXJH
GDWD FROOHFWLRQ GDWD SURFHVVLQJ DQG DGDSWDWLRQVGHFLVLRQ
PDNLQJ EDVHG RQ WKH DERYH LV WKH GLUHFWLRQ LQ GHVLJQ DQG
GHYHORSPHQW RI WKH V\VWHPV RI WKH IXWXUH $SSOLFDWLRQV
UDQJLQJIURPWKHREYLRXVFDWHJRU\RIVPDUWFLWLHVDQG,QWHUQHW
RI7KLQJVWREXVLQHVVDSSOLFDWLRQVVXFKDVELJGDWDWRVXSSRUW




DQG WKHLUXVDJH LQPRGHUQ LQVWLWXWLRQVUDQJHVIURPEOHQGHG
FRXUVHVWRIXOO\RQOLQHFRXUVHVVXFKDV0DVVLYH2SHQ2QOLQH
&RXUVHV022&V$KXJHDPRXQWRILQIRUPDWLRQLVFROOHFWHG
WKURXJK WKHVH V\VWHPV WKDW FRXOG EH XVHG WR LQIRUP WKH
HGXFDWRUV¶GHFLVLRQPDNLQJDQG WKHUHIRUHSURYLGH LPSURYHG
VWXGHQWH[SHULHQFH/HDUQLQJDQDO\WLFVKDVHPHUJHGDVDQDUHD










OHDUQLQJ SDWK RI HDFK LQGLYLGXDO VWXGHQW DFFRUGLQJ WR WKH
UHVXOWVRISURFHVVLQJWKHVHOHDUQLQJDQDO\WLFVLQIRUPDWLRQ7KH
SURFHVVLQJRIFROOHFWHGGDWDZLOODOVREHGRQHXVLQJDUDQJHRI
DOJRULWKPV WKURXJK WKH XVHUIULHQGO\ HQYLURQPHQW RI ZHND




OHDUQLQJ DQDO\WLFV ZLOO FUHDWH WKH UHTXLUHPHQWV IRU WKLV
UHVHDUFKDQGLVSUHVHQWHGLQ6HFWLRQ,,,Q6HFWLRQ,,,DEORFN
GLDJUDPRIWKHIUDPHZRUNGHVLJQZLOOEHLQWURGXFHGDQGWKH






WKHDGDSWDWLRQ VWDJHZKHUH WKHRXWFRPHRI WKH VHFRQGVWDJH
ZLOOEHXVHGDVDQLQSXWDQGZLOOLQIRUPGHFLVLRQPDNLQJIRU
WKH UHTXLUHG DGDSWDWLRQV )LQDOO\ LQ 6HFWLRQ 9,, DQ LQLWLDO




7KHUH DUH VHYHUDO DWWHPSWV DURXQG SHUVRQDOLVHG OHDUQLQJ
HQYLURQPHQWV,Q>@WKHPDLQDLPRIWKHUHVHDUFKZDVWRWDNH
DPRGHOIRUSHUVRQDOLVHGOHDUQLQJHQYLURQPHQWVDQGH[WHQGLW
WR LQFRUSRUDWH DGDSWDELOLW\ WR VHYHUDO FRQGLWLRQV VXFK DV
PRELOH GHYLFHV DGDSWLQJ OHDUQLQJ REMHFWLYHV HWF ,Q >@ D
IUDPHZRUN RI WZR PRGHOV IRU DVVHVVPHQWEDVHG
SHUVRQDOLVDWLRQ ZDV VXJJHVWHG ,Q >@ D SHUVRQDOLVHG 9/(
EDVHGRQGLIIHUHQWFRQFHSWXDOPRGHOVZDVSUHVHQWHG,Q>@

WKH UHVHDUFKFRQFHQWUDWHGRQ WKHSURJUHVV WUDFNLQJ DQGSHHU
SHUIRUPDQFH FRPSDULVRQ ZKLFK DUH QHZ LGHDV EXW WKH
LPSOHPHQWDWLRQ GHPRQVWUDWHG RQO\ WZR IHDWXUHV ZLWKRXW
HQRXJKH[SODQDWLRQVIRUWKHVWXGHQW
7KHUHLVDOVRFRQVLGHUDEOHZRUNDURXQGOHDUQLQJDQDO\WLFV




SURILOH WR FROOHFW LQIRUPDWLRQ SURJUHVV WUDFNLQJ DQG SHHU
SHUIRUPDQFHFRPSDULVRQDQGQHZFRQFHSWXDOPRGHOV
+RZHYHU FRPPRQ GHQRPLQDWRU LQ PRVW RI WKH DERYH


















$Q DGDSWLYH 9/( EHORQJV WR WKH JHQHUDO FDWHJRU\ RI
DGDSWLYH V\VWHPV ZKLFK LV EHFRPLQJ WKH QRUP IRU PRVW
V\VWHPVRIWKHIXWXUH>@
7KHUH DUH WKUHH LPSRUWDQW SDUWV LQ DOO DGDSWLYH V\VWHPV
GDWDFROOHFWLRQGDWDSURFHVVLQJDQGDGDSWDWLRQPHFKDQLVPV
DVVWDWHGLQ>@
,QRXU SURSRVHG V\VWHPGHVLJQ IRU DGDSWLYH9/(VZH
DGGUHVVHGWKHGDWDFROOHFWLRQDQGWKHDGDSWDWLRQPHFKDQLVPV
LQWKHGRPDLQVSHFLILFODQJXDJH'6/LPSOHPHQWDWLRQDQG
KDQGOHG WKHGDWDSURFHVVLQJ SDUWZLWK D GHGLFDWHG H[WHUQDO
HQYLURQPHQWWKHZHNDOLEUDU\DVVKRZQLQ)LJ
)LJ 0$3(.DQG$GDSWLYH9/(V\VWHPGHVLJQ





5HVHDUFKRQGRPDLQVSHFLILFPRGHOLQJ VXFK DV GRPDLQ
GULYHQGHVLJQ>@DQGGRPDLQVSHFLILFODQJXDJHV>@KDVEHHQ
LQFUHDVLQJO\UHFRJQLVHGIRUEHLQJDEOH WR LVRODWH WKHGRPDLQ
IURP WKH LPSOHPHQWDWLRQ GHWDLOV ,W LV H[DFWO\ WKLV W\SH RI
IUDPHZRUN HQYLURQPHQW WKDW ZLOO HQDEOH D ZLGH UDQJH RI





'RPDLQVSHFLILF ODQJXDJHV GHYHORSHG WKURXJK 036
3URMHFWLRQDO HGLWLQJ HQYLURQPHQW FRQVLVW RI VHYHUDO PDLQ
SDUWVVWUXFWXUHEHKDYLRUFRQVWUDLQWVDFWLRQVHGLWRU





WRROLQJ DQG DXWRPDWLF FRGH JHQHUDWLRQ $Q DWWHPSW IRU
DXWRPDWLRQ YDOLGDWLRQ DQG YHULILFDWLRQ LV PDGH E\ ERWK
DSSURDFKHV
+RZHYHU WKHUH DUH VXEVWDQWLDO GLIIHUHQFHV EHWZHHQ WKH
WZR DSSURDFKHV 7KH '6/V DUH VXSHULRU WR WKH WUDGLWLRQDO
80/FRGHJHQHUDWLRQDQGWRROLQJ7KHPDLQUHDVRQEHKLQGLW
LVWKHIXQGDPHQWDOVKLIWLQWKHIRFXVWKDWGLIIHUHQWLDWHVWKHWZR
DSSURDFKHV 7KH GRPDLQVSHFLILF ODQJXDJHV IRFXV RQ
SURYLGLQJDQLQWHUIDFHIRUWKHGRPDLQH[SHUWWKDWVROYHVWKH
GRPDLQ SUREOHP DQG OHDYHV WKH VRIWZDUH
LPSOHPHQWDWLRQWRROLQJ WR EH SURYLGHG E\ WKH '6/
GHYHORSPHQWHQYLURQPHQW7KHHQGUHVXOW LVD ODQJXDJHIRU
WKH GRPDLQ H[SHUW WKDW FDQ EH XVHG DQGPDLQWDLQHG E\ WKH
GRPDLQ H[SHUWV ZLWKRXW WKH QHHG RI PL[LQJ VRIWZDUH






















,Q )LJ  DQ $GDSWLYH9/( FRQVLVWV RI PDQ\
%OHQGHG&RXUVHV (DFK %OHQGHG&RXUVH FRQWDLQV D VHW RI
:HHNO\&RQWHQWV FDWHJRUL]HG LQ WKUHH PDLQ FDWHJRULHV
VWDQGDUG ZHHNO\ UHVRXUFHV ORZ DFKLHYHPHQW ZHHNO\






)RU HDFK ZHHN DOVR WKH HGXFDWRU PXVW SURYLGH WKUHH
W\SHVRIUHVRXUFHVDVLVGHSLFWHGLQ)LJ7KLVFDWHJRUL]DWLRQ
LV D VLPSOLILFDWLRQ WKDW DGGUHVVHV WKH SHUVRQDOL]DWLRQ
UHTXLUHPHQWV LQ HGXFDWLRQ HQYLURQPHQWV 'HSHQGLQJ RQ
LQIRUPDWLRQWKDWFRPHVDIWHUWKHSURFHVVLQJRIWKHFROOHFWHG
OHDUQLQJ DQDO\WLFV DQG WKH RXWFRPH RI WKH FODVVLILFDWLRQ





7KH(GLWRU WKDW LV SURYLGHG WR WKH HGXFDWRU LQ RUGHU WR
GHYHORSDQ$GDSWLYH9/(LVSUHVHQWHGLQ)LJ
8VLQJWKLVHGLWRUDQHGXFDWRURIDQ\GLVFLSOLQHZLWKRXW
DQ\ SURJUDPPLQJ NQRZOHGJH FDQ FRQFHQWUDWH RQ
FRQILJXULQJ WKH LPSRUWDQW DVSHFWV IURP WKH HGXFDWLRQ
SHUVSHFWLYH VXFKDV WKHFROOHFWLRQRI OHDUQLQJDQDO\WLFVDQG
WKHXSORDGRIVHYHUDOW\SHVRIUHVRXUFHV7KLVHGLWRUDSSHDUV
³EDUH´ DQG ³PLQLPDO´ +RZHYHU WKH IXQFWLRQDOLW\ DQG
WRROLQJEHKLQGLWLVYHU\SRZHUIXO)LUVWRIDOOWKHDGYDQWDJHV
RI SURMHFWLRQDO HGLWLQJ YHUVXV WKH WUDGLWLRQDO WH[WEDVHG
HGLWLQJ DUH DSSOLFDEOH DV LV GHWDLOHG LQ >@ 3URMHFWLRQDO




WLPH WR JHW XVHG WR DQG REYLRXVO\ SURJUDPPHUV DUH PRUH
OLNHO\ WR JHW IDPLOLDUL]HG TXLFNHUZLWK WKLV W\SH RI HGLWLQJ
+RZHYHU WKHQRQSURJUDPPLQJXVHUV VXFKDVHGXFDWRUVRI




DOO HOHPHQWV LQ )LJ  DUH HGXFDWLRQUHODWHG )RU H[DPSOH
OHDUQLQJ DQDO\WLFV FRQILJXUDWLRQ DQGZHHNO\ FRQWHQWV9/(














RUGHU WR H[WUDFW YDOXDEOH LQIRUPDWLRQ UHJDUGLQJ VWXGHQW




$FFRUGLQJ WR DXWKRUV¶ H[SHULHQFH LQ HGXFDWLRQ






KRZ ORQJ VWXGHQWV VSHQW RQ OHDUQLQJ WKH QXPEHU RI
GLVFXVVLRQVWKH\SRVWHGKRZPDQ\TXL]]HVWKH\FRPSOHWHG




6XEVHTXHQWO\ WKH GDWD ZDV VWRUHG LQ WKH GDWDEDVH
DXWRPDWLFDOO\ DQG ZDV DEOH WR EH UHWULHYHG E\ PDFKLQH







ZLWK  REVHUYDWLRQV VDPSOH UHFRUGV LQ RUGHU WR WUDLQ
PDFKLQH OHDUQLQJ PRGHOV DQG GHOLYHU SUHGLFWLRQV 7KH











SUHSURFHVVLQJ ZDV UHTXLUHG WR WUDQVIRUP UDZ GDWD LQWR D
VWUXFWXUHG IRUPDW DQG FOHDQVH WKH QRLVH DPRQJVW LQVWDQFHV
DQGIHDWXUHV)LUVWO\ZHGHOLYHUHGH[SORUDWRU\GDWDDQDO\VLV








5HG DQG OLJKWEOXH DQGGDUNEOXH UHSUHVHQW WKH VDPSOH
GDWDODEHOHG³/RZ´³0HGLDQ´³+LJK´UHVSHFWLYHO\LQWDUJHW
FODVV7KHUHDUHVRPH LQGLFDWLYHSDWWHUQVZLWKLQ WKHGDWDVHW










PLVOHDGLQJ WKH FODVVLILHU WR RYHUZHLJKW WKH IHDWXUHV ZLWK
KLJKHUYDOXHVDQGXQGHUZHLJKW IHDWXUHVZLWK ORZHUYDOXHV
7KHLVVXHPLJKWIXUWKHUOHDGWRRYHUILWWLQJ
,Q RUGHU WR DYRLG WKH DERYH SUREOHPV ZH XWLOLVHG
VWDQGDUGLVDWLRQ WHFKQLTXH 6WDQGDUGL]DWLRQ LV RQH RI WKH












XQLTXH YDOXHV ZH LGHQWLILHG WKH SUHGLFWLRQ WDVN DV D
PXOWLFODVVLILFDWLRQ FODVVLILFDWLRQ WDVN WKDW ZRXOG EH XVLQJ
PDFKLQHOHDUQLQJPXOWLFODVVFODVVLILFDWLRQDOJRULWKPVWRVROYH
WKHSUREOHP$FFRUGLQJWRWKHSDSHUIURP$O\>@VHYHUDO
FODVVLILFDWLRQ DOJRULWKPV FDQ EH QDWXUDOO\ H[WHQGHG WR WKH
PXOWLFODVVFDVHVXFKDV'HFLVLRQ7UHHV1DwYH%D\HV1HXUDO
1HWZRUNV .1HDUHVW 1HLJKERU 6XSSRUW 9HFWRU0DFKLQHV
DQG 5DQGRP IRUHVW $ PXOWLQRPLDO ORJLVWLF UHJUHVVLRQ
DOJRULWKP LV DOVR JHQHUDOL]HG IRUPXOWLFODVV SUREOHPV >@
7KHUHIRUH WKHVH VHYHQ PXOWLFODVV FODVVLILFDWLRQ DOJRULWKPV
ZHUHLPSOHPHQWHGDQGWUDLQHGXVLQJRXUGDWDVHW7KHUHVXOWV

RI WKHLU SUHGLFWLRQ SHUIRUPDQFHV ZHUH HYDOXDWHG DQG
FRPSDUHGZLWKVWDWLVWLFPHWULFHVLQWHUPVRIDFFXUDF\UHFDOO
SUHFLVLRQDQGFRQIXVLRQPDWUL[
7R SUHYHQW RYHUILWWLQJ DQG WR YDOLGDWH WKH PDFKLQH
OHDUQLQJ PRGHOV .IROG FURVVYDOLGDWLRQ ZDV DSSOLHG E\
DGMXVWLQJ 7HVW 2SWLRQV LQ ZHND 7KH IROG RSWLRQ ZDV
FKRVHQ7KHGDWDVHWZDVVKXIIOHGUDQGRPO\DQGVSOLWLQWR







EHORZ )LJ  5DQGRP )RUHVW ZDV RXWSHUIRUPLQJ RWKHU
FODVVLILHUVZLWKDFFXUDF\QHDUO\RQERWKUHFDOO
DQG SUHFLVLRQ VFRUHV 2QO\  VDPSOHV ZHUH FODVVLILHG
LQFRUUHFWO\ RXW RI  ZKLFK LV WKH OHDVW DPRQJVW 
FODVVLILHUV 6HYHQ DOJRULWKPV ZHUH DOO SURYLGLQJ JRRG
SHUIRUPDQFHDQGDOODFKLHYHGRYHUDFFXUDF\7KHPDLQ
UHDVRQEHKLQGWKLVUHVXOWZDVPRUHOLNHO\WREHWKDWRXUGDWDVHW
ZDV LGHDOO\ VLPSOH DQG VWUXFWXUHG ZLWK GLVWLQFW




EĂŢǀĞĂǇĞƐ >ŽŐŝƐƚŝĐZĞŐƌĞƐƐŝŽŶ DƵůƚŝůĂǇĞƌWĞƌĐĞƉƚƌŽŶ ^sD <EE ĞĐŝƐŝŽŶdƌĞĞ ZĂŶĚĂŵ&ŽƌĞƐƚ
ĐĐƵƌĂĐǇ ϵϯ͘Ϯϴ ϵϰ͘Ϭϰ ϵϳ͘Ϯϰ ϵϰ͘ϰϴ ϵϱ͘ϭϲ ϵϴ ϵϵ͘Ϭϰ
WƌĞĐŝƐŝŽŶ >Žǁ Ϭ͘ϵϵ Ϭ͘ϵϲϭ Ϭ͘ϵϴϱ Ϭ͘ϵϴϯ Ϭ͘ϵϵϱ Ϭ͘ϵϴϱ Ϭ͘ϵϵϳ
DĞĚŝĂŶ Ϭ͘ϴϲϯ Ϭ͘ϵϬϵ Ϭ͘ϵϱϴ Ϭ͘ϴϴϴ Ϭ͘ϴϵϲ Ϭ͘ϵϲϵ Ϭ͘ϵϴ
,ŝŐŚ Ϭ͘ϵϳϮ Ϭ͘ϵϱϲ Ϭ͘ϵϳϳ Ϭ͘ϵϳϵ Ϭ͘ϵϴϭ Ϭ͘ϵϴϳ Ϭ͘ϵϵϲ
ZĞĐĂůů >Žǁ Ϭ͘ϴϳϯ Ϭ͘ϵϰϳ Ϭ͘ϵϳϰ Ϭ͘ϵϮϳ Ϭ͘ϵϰ Ϭ͘ϵϳϳ Ϭ͘ϵϴϴ
DĞĚŝĂŶ Ϭ͘ϵϳϮ Ϭ͘ϵϮϱ Ϭ͘ϵϲϲ Ϭ͘ϵϲϲ Ϭ͘ϵϴ Ϭ͘ϵϳϱ Ϭ͘ϵϵϯ
,ŝŐŚ Ϭ͘ϵϰ Ϭ͘ϵϱ Ϭ͘ϵϳϳ Ϭ͘ϵϯϳ Ϭ͘ϵϯϯ Ϭ͘ϵϴϳ Ϭ͘ϵϴϵ




LV XWLOL]HG DJDLQ LQ RUGHU WR SUHVHQW WR WKH HGXFDWRU WKH
RXWFRPH RI WKH VHFRQG VWDJH DQG DVVLVW WKHP LQWR PDNLQJ
GHFLVLRQV
0RUHDGYDQFHGRSWLRQVRI WKHHGLWLQJH[SHULHQFHZHUH
LPSOHPHQWHG LQ RUGHU WR DGGUHVV WKH $GDSWLYH 9/(
GHYHORSPHQW DSSOLFDWLRQ UHTXLUHPHQWV ,Q )LJ  DQ HGLWRU
WKDWDOORZVWKHHGXFDWRUWRSHUVRQDOL]HWKHOHDUQLQJSDWKIRU
LQGLYLGXDOVWXGHQWVDFFRUGLQJWRLQIRUPDWLRQUHVXOWVWKDWDUH




,Q WKLV HGLWRU PRUH DGYDQFHG036'6/ IXQFWLRQDOLW\
VXFK DV DFWLRQV LV XWLOL]HG LQ RUGHU WR LPSOHPHQW WKH
SHUVRQDOLVHG OHDUQLQJ SDWK IHDWXUH 7KH HGXFDWRU KDV WR
XSGDWHV\QFKURQL]HWKHVWXGHQWOHDUQLQJSDWKIURPWKHJHQHUDO











LQGLYLGXDO OHDUQLQJ SDWK DQG DGGLWLRQDO+LJK $FKLHYHPHQW
:HHNO\5HVRXUFHVKDYHEHHQDGGHG
1RWH WKDW WKH GHFLVLRQ PDNLQJ IRU DGGLQJUHPRYLQJ
UHVRXUFHV LV FXUUHQWO\GRQHPDQXDOO\E\ WKH HGXFDWRU7KLV
FRXOG EH DXWRPDWHG LQ WKH IXWXUH XWLOL]LQJ GDWD VFLHQFH
DOJRULWKPV IRU GHFLVLRQPDNLQJ IURP WKH OHDUQLQJ DQDO\WLFV
GDWD7KLV LV DFWXDOO\ OHDGLQJ WR WKH IXWXUHGLUHFWLRQRI WKLV
UHVHDUFK
9,, ,1,7,$/(9$/8$7,21± &21&8/6,216$1')8785(3/$16
:H WHVWHG RXU SURSRVHG HQYLURQPHQW ZLWK D OLPLWHG










LPSURYHPHQW FRXOG EH DFKLHYHG WKURXJK FROOHFWLQJ PRUH
OHDUQLQJDQDO\WLFVGDWDDQGQRWRQO\IURPWKH9/(VXFKDV






7KH ORQJWHUPSODQ RI WKLV UHVHDUFK LV WR FUHDWH D QHZ
ODQJXDJHIRUGHYHORSLQJ³DXWRQRPLF´9/(VWKDWZLOOEHDEOH
WR DGDSW DXWRPDWLFDOO\ XVLQJ GDWD VFLHQFH DOJRULWKPV IRU





GRPDLQ DQG DOO RWKHU LPSOHPHQWDWLRQGHWDLOV DQG WRROLQJ LV
KLGGHQ XQGHUQHDWK DQG SURYLGHG E\ WKH '6/ 7KHVH
LPSOHPHQWDWLRQ GHWDLOVWRROLQJ LQFOXGH ZHE LQWHUIDFH
LPSOHPHQWDWLRQGHWDLOVFDOOLQJRIGDWDVFLHQFHDOJRULWKPVIRU
WKH OHDUQLQJ DQDO\WLFV GDWD FROOHFWHG DQG VHOHFWLQJ WKH EHVW
DOJRULWKPIRU WKHFRUUHVSRQGLQJGDWDDXWRPDWHGDGDSWDWLRQ
RIWKHLQGLYLGXDOOHDUQLQJSDWKDFFRUGLQJWRDFKLHYHPHQWHWF
7KH QHZ ODQJXDJH GHYHORSHG ZLOO HQDEOH HGXFDWRUV RI DOO
GLVFLSOLQHV WR IRFXV RQ WKHLU HGXFDWLRQ GRPDLQ LVVXHV DQG
WDLORUWKHGHVLJQRIDGDSWLYH9/(WRWKHLUQHHGV7KHIRFXVRQ
WKHGRPDLQLVDJHQHUDODQGYHU\SRZHUIXOUHVHDUFKGLUHFWLRQ
DQG FDQ EH H[WHQGHG WR VHYHUDO DSSOLFDWLRQ DUHDV EH\RQG
HGXFDWLRQ VXFK DV VPDUW FLWLHV DQG ,R7 KHDOWK LQIRUPDWLRQ
V\VWHPVHWF7KHUHIRUHZHSODQ WRH[SDQG WKLV UHVHDUFK LQ




036 -HWEUDLQV WKDW DVVLVWHG XV LQ WKH ILQDO LPSOHPHQWDWLRQ
VWDJHV RI WKH '6/ GHYHORSPHQW DQG %ULWLVK
7HOHFRPPXQLFDWLRQV %7 GDWD VFLHQFH GHSDUWPHQW IRU LQ
NLQGDQGILQDQFLDOVXSSRUWIRUWKLVUHVHDUFK
5()(5(1&(6
>@ 6 *UHHQ / 1DFKHYD6NRSDOLN DQG ( 3HDUVRQ $Q DGDSWDEOH
SHUVRQDO OHDUQLQJ HQYLURQPHQW IRU HOHDUQLQJ DQG HDVVHVVPHQW LQ
&RPS6\V7HFK
3URFHHGLQJVRIWKHWK,QWHUQDWLRQDO&RQIHUHQFHRQ
&RPSXWHU 6\VWHPV DQG 7HFKQRORJLHV DQG :RUNVKRS IRU 3K'
6WXGHQWVLQ&RPSXWLQJ*DEURYR%XOJDULD
>@ 6 2QJ DQG , +DZU\V]NLHZ\F] 7RZDUGV SHUVRQDOLVHG DQG
FROODERUDWLYH OHDUQLQJ PDQDJHPHQW V\VWHPV LQ 3URFHHGLQJV UG
,(((,QWHUQDWLRQDO&RQIHUHQFHRQ$GYDQFHG7HFKQRORJLHV$WKHQV
*UHHFH
>@ ';XDQG0:DQJ $FRQFHSWXDOPRGHO RI SHUVRQDOL]HGYLUWXDO
OHDUQLQJ HQYLURQPHQWV ([SHUW 6\VWHPV ZLWK $SSOLFDWLRQV SS
9ROXPHSJ
>@ '9HUSRRUWHQ &*ODKQ0.UDYFLN0 7HUQLHU DQG0 6SHFKW
3HUVRQDOLVDWLRQRI/HDUQLQJLQ9LUWXDO/HDUQLQJ(QYLURQPHQWV LQ











>@ 5 GH /HPRV DQG HW DO 6RIWZDUH (QJLQHHULQJ IRU 6HOI$GDSWLYH
6\VWHPV$6HFRQG5HVHDUFK5RDGPDS/HFWXUH1RWHVLQ&RPSXWHU
6FLHQFHYRO









>@ %ULJKWVSDFH IRU +LJKHU (GXFDWLRQ '/ >2QOLQH@ $YDLODEOH
KWWSVZZZGOFRPHQHXKLJKHUHGXFDWLRQSURGXFWV >$FFHVVHG
@








>@ ';X DQG+:DQJ $ FRQFHWSXDOPRGHO RI SHUVRQDOL]HG YLUWXDO
OHDUQLQJHQYLURQPHQWV([SHUW6\VWHPVZLWK$SSOLFDWLRQV

